Abstract. Gossett DR, Alo P, Bristow RE, Galati M, Kyshtoobayeva A, Introduction: Despite optimal surgery, some patients with early endometrial carcinoma develop recurrence and die of disease. A number of immunohistochemical (IHC)-identified cell products (markers) have been proposed as predictors of recurrence. This study characterizes a large series of endometrial carcinomas with previously described markers as well as markers that have not been investigated in endometrial carcinoma. Patients and methods: Women who had undergone surgery for endometrial carcinoma were identified and specimens accessed. Tissue blocks were evaluated for ten IHC markers. Results were correlated with last known clinical status. Results: Mean follow-up was 43 months; complete data were available on 117 patients. Two women died of other causes; of the remaining 115, eight died of disease and six were alive with recurrence at last follow-up (12%). Vascular endothelial growth factor staining independently predicted recurrence and death. However, in multivariate analyses, only FIGO stage predicted outcome. Discussion: Our goal was to identify markers to predict which women with endometrial carcinoma were likely to have disease recurrence. We evaluated cell-cycle regulatory proteins, growth factors, hormone receptors, and angiogenic factors, but did not identify any marker that independently predicted outcome in multivariate analysis. This may reflect the few negative outcomes in our population.
Introduction: Despite optimal surgery, some patients with early endometrial carcinoma develop recurrence and die of disease. A number of immunohistochemical (IHC)-identified cell products (markers) have been proposed as predictors of recurrence. This study characterizes a large series of endometrial carcinomas with previously described markers as well as markers that have not been investigated in endometrial carcinoma. Patients and methods: Women who had undergone surgery for endometrial carcinoma were identified and specimens accessed. Tissue blocks were evaluated for ten IHC markers. Results were correlated with last known clinical status. Results: Mean follow-up was 43 months; complete data were available on 117 patients. Two women died of other causes; of the remaining 115, eight died of disease and six were alive with recurrence at last follow-up (12%). Vascular endothelial growth factor staining independently predicted recurrence and death. However, in multivariate analyses, only FIGO stage predicted outcome. Discussion: Our goal was to identify markers to predict which women with endometrial carcinoma were likely to have disease recurrence. We evaluated cell-cycle regulatory proteins, growth factors, hormone receptors, and angiogenic factors, but did not identify any marker that independently predicted outcome in multivariate analysis. This may reflect the few negative outcomes in our population.
KEYWORDS: endometrial cancer, immunohistochemistry, VEGF.
Endometrial carcinoma is the most common gynecologic malignancy affecting American women, accounting for an estimated 39,300 new cases and 6600 deaths in the year 2002 (1) . Despite 'definitive' surgical therapy, many women with early stage endometrial carcinoma go on to have recurrence and die of disease. Known risk factors for progression include specific histologic cell types, high histologic grade, deep myometrial invasion, and presence of lymphvascular involvement. However, some women even with apparent grade 1, stage I endometrioid type tumors will experience recurrence. To date, there are no known clinical or pathologic characteristics that identify which patients are at highest risk for recurrence and death.
The past decade has seen rapid advances in research on and clinical application of immunohistochemical (IHC) markers in a variety of malignant and non-malignant diseases. Steroid hormones and their receptors, oncogene products, and tumor suppressor gene products have all been investigated as possible predictors of tumor behavior as well as targets for therapy. Characterization of estrogen and progesterone receptor status in breast carcinomas is now standard care and serves to direct adjuvant therapies. More recently, monoclonal antibodies against the HER2/neu receptor in women with HER2/neu overexpression have been included in standard adjuvant therapy of breast cancer (2, 3) . In the present study, we examine the prevalence of ten IHC markers in endometrial carcinomas, and correlate them with patient characteristics and outcome data ( Table 1 ). The markers can be broadly divided into three general groups: (1) cell-cycle regulatory proteins (tumor suppressor genes), (2) factors associated with cell-cell adhesion and angiogenesis, and (3) steroid hormone receptors. Each category of cellular product is thought to be dysregulated in solid tumors: loss of expression of tumor suppressor genes is a key permissive step in the uncontrolled cell division of malignancy; neovascularization is critical to both local growth and metastasis of solid tumors; and steroid hormones play key roles in regulating proliferation and differentiation of the endometrium. Each of the markers studied could therefore possibly predict more malignant behavior if its expression is abnormal, and could also serve as a future target for molecularly tailored therapy.
Previous studies have suggested that ER/PR negativity (4) (5) (6) , overexpression of HER2/neu (7) , vascular endothelial growth factor (VEGF) (8) (9) (10) , EGF-R (7, 11) , p53 (12) (13) (14) (15) , Ki-67 (14) , and TSP-1 (16) may predict more malignant behavior of endometrial carcinomas, as reflected by advanced stage or grade, depth of invasion, or lymphvascular space involvement. However, clinical outcomes of patients have not been universally addressed in these investigations.
Additional studies have correlated overexpression of HER2/neu with poorer outcomes in breast and ovarian cancer (17) (18) (19) (20) . Investigations in breast carcinoma have also associated clinical outcome with markers for angiogenesis such as CD31 (21) , CD105 (22, 23) , and TSP-1 (24) . To our knowledge, CD31 and CD105 have not previously been studied in endometrial carcinomas.
We hypothesize that the identification of new markers capable of predicting disease recurrence will allow gynecologic oncologists to tailor both adjuvant therapy and future surveillance for women with early stage endometrial cancers. 
Patients and methods
Approval of the investigation was obtained from the Institutional Review Boards of all participating institutions. One hundred and forty-seven women with a pathologic diagnosis of endometrial cancer were retrospectively identified. All patients underwent surgical staging at the Hospital of the University of Rome between 1996 and 2000. All slides were independently re-reviewed by a single pathologist (PA) to verify the diagnosis, histologic subtype, and grade. No significant discrepancies were noted between the original pathologic diagnoses and the diagnoses at review. Clinical data collected included age at diagnosis, existence of common co-morbidities, use of exogenous sex steroids, surgical stage of disease, results of pathologic evaluation, adjuvant therapy received, recurrence and interval to such, and last known status/ interval to death.
Immunohistochemistry
IHC staining was performed by Oncotech Inc. (Tustin, CA) on fixed, paraffin-embedded tissue blocks. Sections 3-4 mm thick were deparaffinized in Histoclear, and rehydrated in descending grades (100-70%) of ethanol. Antigen retrieval included proteinase K or protease digestion for CD31, CD105, VEGF, and EGF-R, and microwaving for 20 min at 5 min intervals for the p53, PR, HER2/neu, and Ki67 procedures. Slides were kept in a pressure cooker for 20 min to retrieve ER antigen. No antigen retrieval was necessary for TSP-1 detection. Automated IHC procedures were performed using I6000 (BioGenex, San Ramon, CA) and NexES (Ventana, Phoenix, AZ) immunostainers (Table 2 ). Endogenous peroxidase activity was blocked by a 10-min treatment with 3% hydrogen peroxide in distilled water. To minimize background staining, sections were preincubated with normal goat serum (BioGenex) for monoclonal antibodies. Slides were incubated with primary antibodies for 30 min to 1 h. Immunoperoxide staining was accomplished using the super sensitive streptavidin-biotin detection kit (BioGenex) or universal avidin-biotin Ventana DAB detection system (Ventana, Phoenix, AZ). Counterstain was then performed using hematoxylin or methyl green prior to coverslipping and viewing by light microscopy. All slides were reviewed by a single histopathologist who was blinded to clinical outcomes (AK). For ER, PR, VEGF, EGF-R, HER2/neu, and p53, slides were assessed for the percentage of tumor cells positive for each stain as well as a subjective assessment of intensity of staining, graded from 0 to 3þ. An IHC score was then calculated for each slide by multiplying the percentage of cells stained by a factor corresponding to the intensity score (2 for 1þ staining, 3 for 2þ staining, and 4 for 3þ staining). For CD31 and CD105, microvessel counts were performed at 200Â magnification within designated 'hotspots' (areas containing the greatest microvessel density), and counted over at least three high-powered fields per slide. The highest count from each specimen was reported. For Ki-67, percentage of cells stained was reported. Quantification of TSP-1 expression was performed using a computer-assisted image analysis (CAS 2000 two-color system; Becton Dickinson, San Jose, CA). Analysis was carried out by measuring the optical density of tumor specimens at 400Â magnification; multiple fields were examined within each specimen and values were averaged.
Statistics
Clinical status at last follow-up was initially examined as an ordered discrete variable: alive without disease, alive with recurrence, or dead of disease. Two patients who died of other causes were excluded The data were also evaluated in a hazard framework, using both a Cox proportional hazards model and a discrete choice probit hazard model, to determine if the IHC markers were predictive of length of time to the stated clinical outcomes (recurrence or death). In these models, age and stage of disease were controlled for. For the purposes of this analysis, the two women who died of other causes were included. These analyses were also performed with the Stata 1 statistical package.
Results
Complete follow-up data were available on 121 patients; the other 26 patients had incomplete documentation of disease status or were lost to follow-up. Four patients had inadequate tumor volume for IHC studies; thus there were 117 patients in the study population. The mean age at diagnosis was 62.8 (range: 27-92). Only eight women (6.6%) were receiving exogenous hormones at the time of diagnosis. Median duration of follow-up was 43 months from the time of surgery (range 5-64; mean 41.2 AE 13.4). At the time of last contact, 101 were alive with no evidence of disease, six were alive with known recurrence, eight were dead of disease, and two were dead of other causes. Of the 14 women who had recurrent disease or died of their malignancies, five had an initial diagnosis of FIGO stage I cancer, one had stage II, seven had stage III, and one had stage IV disease. One hundred and five tumors had endometrioid histology; ten were serous, and two were mucinous. The tumors were graded according to WHO standards; of the endometrioid and mucinous cancers, 57 were grade 1, three were grade 2, and 47 were grade 3. All patients were assigned FIGO stages based on intraoperative and pathologic findings. Ninety-one patients had stage I disease, ten had stage II, 15 had stage III, and one had stage IV disease (Table 3) .
The most frequent primary surgical procedure was radical abdominal hysterectomy with pelvic lymph node sampling (n ¼ 51, 44%). Thirty-seven women had simple hysterectomy and lymph node sampling (32%). Thirteen women underwent vaginal hysterectomy and lymph node sampling (11%), and three women underwent Schauta with lymph node sampling (2.5%). An additional 13 women underwent either simple abdominal or vaginal hysterectomy without lymphadenectomy (11%). The vast majority of women had a concomitant bilateral salpingooophorectomy (98%).
Thirty-eight women (32%) received no adjuvant therapy. Thirty-four women (29%) received postoperative radiation therapy alone, 16 (14%) received chemotherapy alone, and 29 (25%) were treated with both radiation therapy and chemotherapy.
Statistical analysis of each of the ten IHC markers using the univariate ordered probit model revealed a significant association of increased VEGF staining with recurrence and death in univariate analyses (P ¼ 0.017) (Fig. 1) . For an increase in VEGF one standard deviation above the mean, the probability of recurrence increased from 4 to 8%, and the probability of death of disease increased from 5 to 15% (Table 4) . However, in multivariate analyses, only known predictors of outcome (age and FIGO stage of disease) were significantly associated with poorer prognosis. These findings did not differ between the entire study group and the subgroup with stage I disease.
Additionally, we evaluated a panel of markers, combining p53, TSP1, CD31. This 'angiogenesis index' was not significantly predictive of clinical outcome in either univariate or multivariate analysis.
Survival analyses using the Cox proportional hazards model and the discrete choice probit model 
Discussion
Numerous prior investigators have examined IHC markers in endometrial carcinoma both as identifiers of more aggressive disease and as potential targets for adjuvant therapies (4, 5, (7) (8) (9) (10) (11) (12) (13) 15, 16) . The failure of the majority of these studies to demonstrate significant prognostic value for IHC markers may, in part, reflect the small numbers of patients included and the heterogeneity of their diseases. Most previous studies have included women at all FIGO stages of disease. Those studies which do limit their analyses to only stage I disease have included unusual histologic types such as serous and clear cell carcinomas. Endometrial cancers of these cell types are known to have more malignant behaviors. Some of the major strengths of this study are the large sample size, the relative homogeneity of the pathologic diagnoses, and the ability to separately analyze outcomes for women with stage I disease. Women with later stages of disease or more aggressive histology are known a priori to have a high risk of progression and/or recurrence. Our study addresses the clinically more meritorious question of which women with early stage endometrioid carcinoma are at highest risk to progress. This has particular clinical relevance as 90% of all women with endometrial carcinomas have endometrioid histology.
The finding that increased cellular VEGF expression in univariate analyses was predictive of poor clinical outcome is provocative. VEGF has been shown to regulate endometrial angiogenesis throughout the normal menstrual cycle, and is implicated in angiogenesis of endometrial carcinoma (8, 9) . It has also been shown, in one study, to correlate with unfavorable clinical outcomes in patients with endometrial carcinoma (8) . The lack of significance in our multivariate analyses may be a result of the relatively low number of patients with negative clinical outcomes in our patient cohort. It is possible that, with a larger number of recurrences and/or deaths, this finding would persist in multivariate analyses.
Statistical power, in fact, is the greatest weakness of the current study. While the total number of patients evaluated was large, relatively few experienced the negative outcomes of interest, decreasing the statistical power of the study to identify predictors of these outcomes. This distribution of clinical outcomes is not surprising; the majority of our study patients had stage I disease, and 5-year survival for stage I endometrial carcinoma is repeatedly reported as being approximately 85% (4, 25) . Another possible confounder in the present study is that many of the IHC markers studied correlated with known prognostic variables, such as stage or grade, and with each other (eg, ER and PR.) This may affect the study results in two ways. Firstly, those IHC markers that correlated with other predictors of prognosis or with other markers are not truly independent While the present study did not clearly identify an IHC marker capable of distinguishing 'high-risk' early endometrial carcinoma, we are continuing to search for a molecular marker(s) that better serve this purpose. Meaningful and adequately powered IHC evaluation of large numbers of early stage endometrial cancers might be advanced by the use of tumor banking and by cooperative investigations among multiple institutions. Ultimately, we believe that molecular profiling of individual patients' tumors, to better prognosticate and to tailor therapy, may allow for more specific and less toxic therapies.
